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1 Introduction 
The Caribbean islands are known among tourists for their beautiful nature, beaches, lovely music 
and dances, rum and many more. For archaeologists, however, these islands are very interesting 
for their research which is often multidisciplinary, covering the fields of anthropological, 
ethnohistorical, ethnographical and bioarchaeological research. The aim of archaeologists is to 
reconstruct the daily lives of people, their values, believes, idea etc. that lived there a long time 
ago. Archaeologists do so by finding, investigating and analyzing the traces that people leave in 
the landscape. In the Caribbean islands these archaeological traces concern most of the times 
postholes, artifacts of different nature (stone, shell, pottery etc.) but also burials. Consequently, 
anything that isn’t perishable. Especially analysis of skeletons provide us a lot of information 
about these people on different levels. On the level of the individual it can tell us something 
about the age, sex, maybe even lifestyle or provenance of the person, but on “population level” it 
can show us how a society was composed or whether there were special customs among burials. 
A lot of valuable information can be collected but only when the right methods are used and the 
material is in such a good condition that it can be analyzed. 
 However, skeletal analysis in the Caribbean region isn’t always an easy task. In the Caribbean 
a lot of skeletons are excavated but due to the environmental factors, preservation is most of the 
times very problematic as can be concluded from Renfrew and Bahn: “Tropical climates are the 
most destructive, with their combination of heavy rains, acid soils, warm temperatures, high 
humidity, erosion, and wealth of vegetation and insect life” (Renfrew and Bahn 2004, 63). 
Although preservation is very problematic, consequently it is even more interesting to look at the 
skeletons we do have and can analyze.  
 
In this thesis the use of juvenile ageing methods is reviewed with a focus on the Caribbean 
archipelago. In first place it was focused on the comparison of long bone age estimation and 
dental age estimation done on juvenile skeletal material of three Caribbean sites (Kelbey’s Ridge 
2 on Saba, Anse à la Gourde on Guadeloupe and Manzanilla on Trinidad). However, the 
conservation of the skeletons turned out to be that bad, that this research had to be adjusted 
because of the small amount of skeletons that remained for analysis. This preservation problem 
in combination with the applicability of ageing methods and their corresponding standards 
became the “new” topic of this research. The skeletons that could be used are from Kelbey’s 
Ridge and Manzanilla and serve as case studies for this research. It is chosen to focus on two 
juvenile ageing methods, namely the dental ageing method which is considered to be the most 
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reliable method in juvenile ageing and secondly on long bone ageing which is based on the 
comparison of long bone length with standards.  
Aforementioned, results thus in the following main question:  
 
“Are ageing methods based on long bone length measurements and the dentition applicable 
on the juvenile Caribbean skeletons of Kelbey’s Ridge and Manzanilla?” 
  
But before we can answer this main question some sub-questions have to be proposed. First of 
all it is necessary to elaborate on ageing methods in general. What do we mean with age? What 
kind of ageing methods are available for juvenile and adult individuals. These questions will be 
treated in the chapter 2: Ageing methods. After this methodological section, the Caribbean 
archipelago will be elaborated on in chapter 3: The Caribbean Archipelago. This chapter will focus 
on different levels: geographically, environmentally and archaeologically. The two sites that serve 
as case-studies, Kelbey’s Ridge on Saba and Manzanilla on Trinidad, are elaborated on focusing 
on the excavations, artifacts and most important burials. In the fourth chapter: Skeletal analysis, 
the skeletal material used in this study is explained: which skeletons are used, which methods are 
used and how are measurements taken. Finally the results are presented for both sites. In the 
final two chapters the research in general will be discussed, followed by answering the main 
question in the conclusion.  
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2 Ageing methods 
In this chapter ageing methods are elaborated on in the best possible way. But first some notes 
have to be made. When there is spoken of “age”, it means “age at death”. This age can be 
approached through several methods. However, there is a difference between various kinds of 
“ages”. Biological, chronological and social-cultural ages can be distinguished. Biological age is 
based on changes in the body that are caused by growth, development and maturation. 
Chronological age is based on calendar years and serves as the estimated age in ageing methods. 
Finally, there is socio-cultural age that is based on social definitions. This age can be important for 
(ethno-)archaeologists or anthropologists, but this age isn’t of great value in this study. 
 It is important to note that chronological and biological age can differ due to various aspects. 
These aspects are or can be: regional variation, diachronic variation, environmental conditions, 
diet, metabolic and hormonal imbalance, activity patterns, trauma and diseases (Larsen 1997; 
Martin et al. 1985; Mensforth et al. 1978; Ortner and Putschar 1981). When analyzing skeletons, 
these aspects should be taken into account because these can misrepresent the actual age. Since 
this study concerns juveniles, it is assumed that these young individuals haven´t experienced such 
degree of these factors that it will be prominent in skeletal features. It thus doesn’t mean that 
the individuals didn’t experience some of the above named factors at all: these individuals died 
young and there is probably a good reason for that. However, these reasons are unclear most of 
the time due to the bad conservation and fragility of these bones. Also, a lot of acute infectious 
diseases aren’t visible in the skeletal features although the individual certainly suffered from this 
disease. 
 Because the approximation of age isn’t always that accurate, age groups are used to assign an 
age to the individual. Different systems are used and distuingish for example juveniles, young 
adults, middle adults and old adults. But other systems categorise middle adults even further and 
distinguish young middle adults and old middle adults. Everything under 18 to 20 years can be 
called unadult and here also a subdivision can be made. For example Buikstra and Ubelaker 
(1994) propose the following categories: fetus (before birth), infant (birth to 3 years), child (3 to 
12 years) and subadult (12 to 20 years), young adult (20 to 35 years), middle adult (35 to 50 
years) and old adult (50+ years).  
 Before we can even assign an age to a skeleton, we must find ourselves an appropriate 
method that can be used. Ageing methods are based on changes in the skeleton which don’t 
occur at the same time or rates in the different bones. The method used should correspond to 
the changes in the skeleton. For example, during infancy most changes involve changes in bones 
and teeth. But during childhood and adolesence, bone growth, dental formation and eruption 
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and fusion of epiphyses occur. It is thus necessary to determine first whether an individual is an 
infant, child, adolescent or adult before we can decided which methods can be used (Ubelaker 
1989, 63). This development on skeletal and dental level is explained in the two following 
paragraphs. After that the juvenile ageing methods are elaborated on in depth. Followed by a 
more general elaboration on the adult ageing methods. 
 
2.1 Skeletal development as a basis for ageing 
The skeleton already starts to develop in utero. Bones are formed as ossification centers and 
slowly grow together. This process of bones that grow together is called fusion. Because of this 
process of fusing, an indication can be given about the age of both juvenile and adult skeletons 
because the general pattern is known. At birth, 450 ossification centers are present. After birth 
the period of infancy starts and diaphysis and epiphysis already start to fuse. During childhood 
fusion continues and the process of fusion is completed in the period from puberty until 
adulthood (Buikstra and Ubelaker 1994). 
 The process of fusing but also morphological changes of bones are the main things where 
ageing methods are based on. Although skeletal features can be used as a basis for ageing 
methods, it has to be kept in mind that bones are affected by extrinsic factors (for example 
nutrition and diseases). This doesn’t mean that ageing methods aren’t reliable, but when 
analyzing skeletal features the possible variation has to be taken into account (Mays 1998, 44). 
Furthermore, every individual develops itself differently. So even in a “normal” individual there is 
substantial variation. This means that even in individuals of the same chronological age, different 
degrees of development can be detected (White et al. 2011, 384). 
 
2.2 Dental development as a basis for ageing  
First an introduction to the terminology and anatomy of the dentition is required before dental 
development and ageing methods can be understood. In the first paragraph the dentition in 
general is treated according to the following concepts: function and form, terminology, anatomy 
and tooth identification. Tooth identification will be split up in deciduous and permanent 
dentition. After explaining these concepts, the development of the dentition is treated with a 
focus on the order of eruption of the several teeth. This is important to know because the order 
of eruption forms the basic concept for one of the dental ageing methods. 
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2.2.1 Dental terminology 
First, focus will be on the dentition in general. As already said, this will be based on a few aspects. 
Form is the most logical concept to start with since that is what you immediately see when you 
look at a dentition. Function is a direct result of these different formed teeth. Terminology and 
anatomy is important to elaborate on so that the sides and different part of the teeth are clear. 
Finally, tooth identification is explained concerning the different teeth. Each tooth looks different 
and can be distinguished based on several traits for each tooth. 
 The first aspect is form and function. In the dentition there are four types of teeth to 
distinguish: incisors, canines, premolars and molars. The incisors are the eight front teeth that 
have a spatulate form. In each jaw or quadrant of the mouth there are two incisors present, 
making eight incisors in total. Next to the incisors, the canines can be found. These are an 
extension of the incisors but have a more conical shape. In each jaw there is one canine, making a 
total of four canines. The next teeth are the premolars: two in each jaw, making a total of eight 
premolars. Premolars are numbered as three and four since in primitive mammals there were 
four premolars in each quadrant. During evolution, humans “lost” two premolars, explaining why 
the premolars are still numbered three and four (although some scholars number these teeth 
just as one and two). Molars are the final category of teeth. These teeth are the largest and are 
used to crush and grind food with their big chewing surface. There are twelve molars present: 
three molars in each quadrant of the mouth. As already pointed out, the function of the teeth is a 
direct result of the form (Hillson 1996, White and Folkens 2005). 
 The second aspect regards terminology. Teeth have different sides that all have different 
names. The lingual part of the tooth is faced towards the tongue. Labial and buccal are both the 
opposite of lingual but the term labial is used for the incisors and canines and buccal is used for 
the premolars and molars. This difference is made because the incisors and canines are more 
faced to the front of the mouth, and the premolars and molars are facing the cheeks. The 
occlusal side of the teeth is the chewing surface. Distal and mesial are opposites and are used to 
indicate the contact surfaces between the teeth, whereas mesial is used for the side that is 
closest to the point where the central incisors contact each other (Hillson 1996, 6-13). An 
overview of these terms can be found in figure 1 (fig. 1). 
 The anatomy of a tooth is divided in 18 features (fig. 1). Here only the “basic” features will be 
elaborated on. The crown is the part of the tooth that is covered by enamel. Enamel is the hard 
outer part of the teeth. Below the enamel, dentine can be found. This dentine forms the core of 
the tooth. In the dentine lies the pulp chamber which is filled with pulp. Pulp is a soft tissue that 
includes nerves and blood vessels. The root is the part of the tooth that anchors the tooth into 
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the maxilla or mandible. At the end of each root, there is a small hole through which nerves and 
vessels run. This is called the apical foramen. The neck is the separation between the root and 
the crown. Cementum is the tissue that covers the roots (Hillson 1996, 8-10; White and Folkens 
2005, 130-133).  
 
 
Figure 1: Dental anatomy (White and Folkens 2005, 130) 
 
 The final aspects regards tooth identification. The deciduous dentition is different constructed 
than the permanent dentition. Where the permanent dentition has 32 teeth in total, a deciduous 
dentition has only 20 teeth (fig. 2). The teeth present in each quadrant of a deciduous dentition 
are: two incisors, one canine and two molars. During childhood these teeth are systematically 
replaced by permanent teeth. The teeth present in a permanent dentition are: two incisors, one 
canine, two premolars and three molars. Since the deciduous teeth have more or less the same 
shape as the permanent teeth, the focus will be on the identification of permanent teeth.  
 Identification of the different types of teeth isn’t that hard when you know where to focus on. 
More problematic is the siding of the teeth and whether a tooth belongs to the lower or upper 
jaw. A few characteristics are used to categorize teeth. The crown of an incisor is flat and blade-
like. When the tooth is worn, an incisor will have a rectangular or square surface. Canines are 
conical and tusk like. When worn, a canine has a diamond-shaped surface. Roots of canines are 
generally longer than roots of other teeth in the same dentition. Premolars are more round and 
shorter than canines but smaller than molars. Usually premolars have two cusps and are single 
rooted. Molars are larger, squarer and have more cusps than other teeth. Molars usually have 
multiple roots (White and Folkens 2005, 134-136). 
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Figure 2: Maxillary and mandibular right half arcades for permanent (top) and deciduous (bottom) 
dentitions (White et al. 2011, 111) 
 
 There are some criteria for identifying a deciduous tooth from a permanent tooth (fig. 2). The 
first thing to pay attention to is the enamel: deciduous teeth have thinner enamel relative to 
crown size. Secondly, the roots of deciduous teeth are thinner and shorter. The deciduous molar 
roots are more divergent. Thirdly, deciduous crowns are more bulbous and have enamel along 
the crown walls. This can bulge out above the cervico enamel line (the most root ward extend of 
the enamel) more prominently than in permanent teeth. And finally, deciduous roots are often 
partly resorbed, particularly below the crown center of deciduous molars (White and Folkens 
2005, 136). 
 
2.2.2 Dental development 
Tooth formation already begins in utero at approximately 14 to 16 weeks after conception 
(Hillson 1996, 121). So during pregnancy the first small parts of the teeth are already present 
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deep within the alveolar bone. It is only in the second year of life that teeth begin to emerge 
through the alveolar bone. After the deciduous teeth have erupted, the permanent dentition 
emerges in two stages separated by a period of almost no activity. Between 6 and 8 years, both 
deciduous incisors are replaced by permanent incisors and the first permanent molar emerges 
behind the second deciduous molar. In the second stage between the age of 10 and 12 years, the 
permanent canines, premolars and second molars emerge. Around the age of 18, the third molar 
emerges and “completes” the full permanent dentition although this tooth shows a great 
variability in emergence (White and Folkens 2005, 364-365; White et al. 2011, 151). 
 This proposed systematical order doesn’t mean that in every individual eruption takes place 
in the same order at the same time (Smith and Garn, 1987). Every individual is different and it 
should be taken into account that there are exceptions to the rule. Table 1 (tab. 1) gives an 
indication to the order of eruption. Especially in the lower jaw variation is more likely as can be 
seen in the sequence for the upper jaw M
1
 I
1
 I
2
 (P
1 
C P
2
) M
2
 and the sequence for the lower jaw 
(M1 I1) I2 (C P1) (P2 M2). The brackets indicate common variation in the sequences. The variation in 
the lower jaw concerning the canine and first premolar is even more likely than the other 
possible reversed orders (Hillson 1996, 140-141). 
 
Table 1: Order of gingival emergence (after Hillson 1996, 141) 
Deciduous dentition Permanent dentition 
1 1
st
 incisors (lower then upper) 1 1
st
 molars 
2 2
nd
 incisors (upper then lower) 2 1
st
 incisors 
3 First molars 3 2
nd
 incisors 
4 Canines 4 Upper 1
st
 premolars or lower canines 
5 Second molars (lower then upper) 5 Upper canines or lower 1
st
 premolars 
 
6 2
nd
 premolars 
7 2
nd
 molars 
8 3
rd
 molars 
 
2.3 Juvenile ageing methods 
Basically, ageing juvenile individuals is in theory easier than in adults because there are more 
factors that can be recorded. There is for example a greater variety in epiphyses that can be 
analyzed regarding the moment of fusing. However, in practice this doesn’t always seem to be 
the case. Although ageing in juveniles is possible and accurate, there are a few problems of which 
we should be aware. The first problem is that juvenile skeletons are very fragile and thus often 
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found back fragmented or not at all. Conservation is thus the main problem regarding the 
analysis of juvenile skeletons. Secondly, the juveniles found back in the archaeological record 
“have a have chance of having suffered from debilitating illness – possibly the reason for their 
death – which could have compromised an individuals’ development leading to shorter bone 
length than might be expected” (Brickley and McKinley 2004, 22). And thirdly, most data on 
juvenile ageing is based on modern individuals and on small numbers of analyzed individuals 
(Brickley and McKinley 2004, 22).  
 Although ageing is sometimes difficult, several methods are used to age juveniles: dental 
development, long bone length and the degree of epiphyseal fusion. Dental development is 
based on eruption of teeth. Long bone length is based on measurements of the length of various 
long bones which corresponds to an age provided by a standard or with use of a regression 
formula. Epiphyseal fusion or closure is based on closure of various epiphyses at known age. 
Below the methods will be elaborated on. 
 
2.3.1 Dental ageing 
Dental development is widely regarded as the most accurate way of determining age at death in 
individuals who haven’t yet reached dental maturity. The development of teeth themselves as 
well as the dentition as a whole are strongly controlled by genetic factors but don’t suffer that 
much from environmental factors or diseases as bones do (Ubelaker 1989, 63). Dental ageing 
methods are based on two processes. The first process is based on the eruption of teeth which 
takes place in a systematically order. Dental eruption can be studied in two ways. The final 
method is based on root mineralization. The second process is of importance for adult ageing 
methods and is based on the attrition of teeth (see 2.4 Adult ageing methods).  
 
The first way of studying dental eruption in juveniles is by taking radiographic photos and 
determine the stages of tooth formation: initiation, eruption and completion. These stages can 
already be detected deep within the alveolar bone. The second way is by recording the eruption 
of teeth through the alveolar bone. Naturally, different standards are developed but not all 
methods will be explained. The author has chosen to elaborate on the “most common” methods. 
For a more extended overview see Hillson (1996).  
 First of all, Moorrees et al. (1963a;b) developed a method based on a large assemblage of 
white children. This method distinguishes between boys and girls and scores several teeth 
(deciduous mandibular canines, deciduous mandibular molars, permanent mandibular canines 
and permanent mandibular molars) based on several stages of tooth formation (crown, root 
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apex). The more teeth there are used, the more reliable the final result is. However, this method 
is based on mandibular teeth only which implies that the method can’t be used on maxillary 
teeth. Furthermore, the standard distinguishes between males and females but Smith (1991) has 
combined both sexes, since sexing of juveniles is problematic. The reason for this is very simple: 
sexing juveniles is basically impossible (concerning the fact that a reliable outcome is required) 
because there is no high degree of sexual dimorphism yet. Ubelaker (1989) has studied dental 
development analyzed by different scholars (see Ubelaker 1989, 63 for all the literature used) 
and combined this in a graphic summary of dental eruption in Native Americans (fig. 3). 
Important to note is the range that every stage has: the smallest range being 2 months and the 
largest even being 3 years. These ranges are based on different studies analyzed by Ubelaker so 
these are not the standard deviations. However, as Ubelaker notes “the chart is probably the best 
approximation available for inferring age from dental development in prehistoric and 
contemporary non-white subadults” (Ubelaker 1989, 64). The chart is easy in use but the 
assignment of an individual to a certain stage is subjective. Still Liversidge (1994) recommends 
the atlas approach based on the accuracy and ease of use. Additionally, there is no distinction 
made between males and females. However, it is important to note is that the canine shows the 
greatest sexual dimorphism and should thus be avoided in analysis. In this study it is chosen to 
use the Ubelaker chart because it is widely used and also easy and rapid in use. 
 
Another method is based on the root mineralization of the third molar. The third molar is the 
most variable tooth. These variables concern size, shape, formation, eruption timing and 
presence or absence. The development of this tooth has a very large range which lies between 15 
and around 20 years of age. The range of this tooth shows no sexual dimorphism. Despite all 
these variables in the development of this tooth, there are standards (for example, Johanson 
1971 and Nortje 1983) developed for third molar ageing (Hillson 1996, 136-137). 
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Figure 3: Dental development in Native Americans (Ubelaker 1989, 64) 
  
2.3.2 Long bone length 
Long bone length is studied by various scholars (Armelagos et al. 1972; Hoppa 1992; Johnston 
1962; Lovejoy et al. 1990; Mays 1995; Merchant and Ubelaker 1977; Owsley and Jantz 1985; 
Saunders et al. 1993a; Sundick 1978; Walker 1969). The advantage of these studies is that these 
results can be seen as quite reliable because of their intensive study. However, the disadvantage 
of some standards is that they are derived from first of all modern samples, and secondly from 
healthy and most of the time white children. In the archaeological record juvenile skeletons 
concern individuals that died at young age which probably indicates that these individuals 
suffered from a disease or other problem which caused their early death. Making use of a 
modern standard (which means healthy individuals) can provide errors. Nevertheless, when 
keeping a certain amount of variation in mind, long bone length can be studied. There are two 
kind of methods available which each have different standards. 
 
The first method is with use of a regression formula as for example developed by Scheuer et al. 
(1980). There are formulas developed for each long bone except the fibula (see Appendix 3). 
These formulas are developed from fetal and postnatal skeletons. The maximum length of each 
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long bone is measured and filled in in the formula in mm. There are two different kind of 
formulas developed. The first one being a linear formula and the second one being a logarithmic 
one. These formulas can be found in Appendix 3. 
 Secondly, long bone length can be studied with use of a table. There are various tables 
available but here two tables will be elaborated on. The first one is developed by Maresh (1970). 
The second one is developed by Moorrees et al. in 1963 (Brothwell 1981, 69). These last standard 
is developed from the Arikara data and are considered to be “the most accurate because they are 
based on the most exact method of age determination from dental calcification standards 
(developed by Moorrees et al. 1963a, 1963b)” (Ubelaker 1989,69). For each long bone a standard 
is developed which is easy in use. The length of each long bone is measured and looked up in the 
table, consequently the corresponding age can be observed. No difference is made between 
males and females. Although these standards should be used on Plain Indians, they are also 
applicable on other populations as long as some variability is kept in mind. In this study the 
standards from Moorrees et al. (1963a;b) are used. These standards can be found in Appendix 4. 
 
2.3.3 Epiphyseal fusion 
Because it is known at which time different epiphyses fuse, it is possible to determine age with 
use of epiphyseal closure although this varies by individual, sex and population. As already 
analyzed by Stevenson in the early 1900s (Stevenson 1924), epiphyseal activity is at its peak 
between 15 and 23 years. Most of the time long bones are used in this method but new research 
shows also the utility of vertebrae. Figure 4 (fig. 4) presents the timing of fusion of epiphyses in 
various human osteological elements. Secondly figure 5 (fig. 5) presents the percentage of fusion 
of various male human osteological elements at a certain age. Both standards are derived from 
U.S. military personnel who died in the Korean War (McKern and Stewart 1957). For a more 
detailed overview with regard to the timing of fusion for each long bone, see Scheuer and Black 
(2000). Concerning fusion of long bones, some side notes have to be made. First of all, females 
tend to run ahead on males. Which means that this can cause problem in the analysis of juveniles 
since these often can’t be sexed very easily. Secondly, also between individuals of the same sex 
different timing of closure can be seen. Finally, some sutures show a wide variation in closing. 
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Figure 4: Timing of epiphyseal fusion of various human osteological elements (White and Folkens 2005, 
373) 
  
 
Figure 5: Ages of fusion of various male skeletal elements (White and Folkens 2005, 372) 
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2.4 Adult ageing methods  
After the fusing of different parts of the bones in juveniles, bones begin to change in their 
morphology. Ageing methods in adult persons are mainly based on these “stages of change”. 
Different kind of methods are used: changes in the morphology of the pubic symphysis, auricular 
surface of the os coxae, sternal rib ends, degree of cranial suture closure and dental attrition. 
Below the basics of these methods are explained. It is chosen to list these methods because it 
offers perspective concerning the possibilities in age estimation. However, because this study is 
on juvenile skeletons, these methods won’t be elaborated on in depth. 
 
2.4.1 Morphological changes of the pubic symphysis 
The method concerning changes in the morphology of the pubic symphysis is developed by Todd 
(1921a;b). He distinguished ten phases from 18/19 years to 50+. He noted that this method was 
more reliable between 20 and 40 years. Although this method is accepted among scholars, it is 
tested a lot which eventually and this led to the Suchey-Brooks method. The Suchey-Brooks 
method distinguish six phases and differentiate between males and females (Brooks and Suchey 
1990). This method is now the most used method regarding analysis of the pubic symphysis 
although in general this method isn’t the most accurate and precise method for ageing adult 
individuals (White et al. 2011, 397). 
 
2.4.2 Morphological changes of  the auricular surface of the os coxae 
A second method concerning the pelvis is the auricular surface of the os coxae developed by 
Lovejoy et al. (1985) based on the Hamann-Todd collection. They distinct eight phases in the 
metamorphosis of the auricular surface. The advantage of this method is that it can determine 
age beyond the age of 50 years regardless sex or ancestry (White et al. 2011, 400). As well as the 
fact that this part of the os coxae seem to be preserved more often in the archaeological record. 
However, this method is harder to master compared to the pubic symphysis method. Therefore, 
a revised method is developed by Buckberry and Chamberlain (2002) which is more manageable. 
Both methods were tested and had their strengths and weaknesses. It is advised to use this 
method under certain conditions: the original method was more accurate between the ages of 20 
and 49 years old, the revised method was more accurate between the ages of 50 and 69 years 
(White et al. 2011, 400). 
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2.4.3 Sternal rib ends 
As is the case for all bones, sternal ribs ends also change overtime. Işcan and Loth (1986a;b) 
developed this method on the fourth rib end and found that its end varies in age, sex and race. 
Six different phases are distinguished regarding pit depth, pit shape, and rim and wall 
configuration. However, this method has a few problems. First of all it is very hard to identify the 
fourth rib and also preservation of ribs isn’t always very good. Secondly, the method doesn’t 
provides well-defined criteria so the level of experience of the examiner determines the result. 
Scholars tested this method and opinion on these method varies. However, there seem to be 
some agreement that the sternal rib end can provide information on age at death in some way 
(White et al. 2011, 405). 
 
2.4.4 Cranial suture closure 
Cranial suture closure is a method that was developed very early in the history of ageing 
skeletons. After a while this technique wasn’t used anymore but Meindl and Lovejoy (1985) 
regenerated this method. There are 1 cm segments taken at 10 different sutures which are 
scored on the scale of 0 (open suture) to 3 (complete closure). Subsequently, these scores are 
added. This total score corresponds to a certain age category. Later, Buikstra and Ubelaker (1994) 
recommended 17 sutures instead of 10. Especially one cranial feature, the spheno  occipital 
synchondrosis, is “useful in ageing isolated crania because at least 95% of all individuals have 
fusion here between 20 and 25 years of age, with a central tendency at 23 years of age (Krogman 
and Isçan, 1986)” (White et al. 2011, 391). 
 
2.4.5 Dental attrition 
The last method is based on the attrition of teeth. After the eruption of a tooth, it begins to wear 
and can be used as an ageing method: “When the pattern of wear is fairly homogenous, the 
extent of wear is a function of age” (White and Folkens 2005, 365). Looking at the attrition is thus 
a method mainly for ageing adult skeletons (although in some cases it can also be used on 
juveniles which in some cases can suffer from attrition as well). Miles (1963) was the first to 
develop this method after which it was adapted by scholars on other skeletal assemblages. This 
method is considered as a reliable method within a population because the wear in a population 
is or can be very regular in form and rate (Lovejoy, 1985) Lovejoy and colleagues tested this 
method and “concluded that dental wear is the best single indictor for determining the age of 
death in skeletal populations” (White et al. 2011, 388). 
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3 The Caribbean Archipelago 
In this chapter the Caribbean archipelago will be elaborated on. In the first paragraph the 
Caribbean islands will be introduced in short as a geographic area in addition with its cultural, 
historical and archaeological development. After that an introduction is given on the two sites 
that will serve as case studies in this research, namely: Kelbey’s Ridge 2 on Saba and Manzanilla 
on Trinidad. Since these sites are very different in nature, the sites will be discussed best as 
possible on the level of natural setting, cultural setting and the excavation that is done in general 
and on the burials. Finally, the selected skeletal material is explained: which skeletons and 
methods are used and how are measurements taken. 
 
3.1 A short introduction to the Caribbean region 
The Caribbean islands are composed of an arc of islands which separates the Caribbean Sea from 
the Atlantic Ocean (fig. 6). The arc runs from the South American mainland to the Greater Antilles 
and is approximately 750 km long. Within this arc, a distinction is made between the Windward 
Islands (from Dominica southwards) and the Leeward Islands (islands to the north of Dominica). 
The Leeward Islands are divided in two rows of islands that form an inner and outer arc.  
 
 
Figure 6: Map of the Caribbean islands with part of the mainland of Middle and South America 
(http://holidaytravels.co.uk/Holiday-Destinations/Caribbean-Holidays.html) 
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The distinction between these arcs is based on their geological composition. As a result of plate 
tectonics millions of years ago, the Caribbean plate moved towards the Atlantic plate which 
caused friction. This interaction between these crustal plates resulted in volcanic activity that 
formed the arcs of the Lesser Antillean islands. The outer islands are called the “Limestone 
Caribbees” and the inner islands are called the “Volcanic Caribbees”. The Limestone Caribbees 
consist of pre-Quaternary volcanic rocks overlain by limestone and other marine sediments. The 
Volcanic Caribbees regard the younger islands that are predominantly composed of Quaternary 
volcanic rocks (Hoogland 1996, 14-16).  
 Via this arc people from the mainland of South-America entered the Caribbean islands one by 
one as a sort of “stepping stones” (Rouse 1992). Because the islands were relatively close to each 
other, it is possible that the “next” island could be spotted at unclouded and clear days. The only 
passage that was probably too big concerns the passage between Tobago and Grenada. The 
transits were probably made by canoe. There are various reasons proposed by scholars why 
people would leave their own villages: so-called push and pull factors (Boomert 2000). An 
example of one of these push factors is the climate change that caused drought. Because there 
were less resources available for the population, some people were sent into the islands to 
establish new villages. Another possibility of these push factor is the extruding of the Saladoid 
Indians from the Orinoco area by the Barrancoid Indians. Since they had to leave their own 
“habitat” they had to find new areas to settle. A good option for them would be to occupy the 
islands. Besides these push factors, also pull factors are proposed. A possibility for the migration 
wave could be attraction from food supplies that the islands offered. First the people only visited 
the islands occasionally. But after they had seen the recourses that the islands provided, they 
migrated to the islands. Also social factors could have played a big role in the migration. For 
young men it was attractive to move into the islands so that they could be the leader of their 
own village and get political, economic and religious status that they wouldn’t have achieved 
when they stayed at their home village on the mainland. All these factors combined, could have 
caused the migration into the islands. These migrations can be divided into a first wave from the 
South-American mainland around 5000 BC regarding the Ortoiroid series, and a second wave 
from Central-America around 4000 BC regarding the Casimiroid series. 
 
3.2 Case study 1: Kelbey’s Ridge 2, Saba 
3.2.1 Natural setting 
Saba is one of the smallest islands of the Lesser Antilles with a surface of only 13 km
2 
(fig. 7). The 
island is situated at approximately 50 km south of St. Martin and 30 km north-west of St. 
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Eustatius at 63 14’ W, and 17 38’ N. With these latitudes, the island is situated in the tropical 
region. The island is originally a Pleistocene volcano that comes out of the sea with its very steep 
slopes except at a few places were the coast is more sloping and bays are situated. The only flat 
surface on the island can be found around the village “The Bottom”. The island is one of the 
Leeward Islands that are composed of the younger Quaternary volcanic rock. The lack of a “well-
formed” crater makes it hard to determine the exact location of the volcano. It goes without 
saying that Saba is a small but mountainous volcanic island. The highest point regards the summit 
of Mount Scenery that is situated at 870 m above sea level. Saba has a tropical climate that 
doesn’t differ that much from other Leeward Islands, except that there is a slightly higher level of 
precipitation. This is caused by the small surface of the island in combination with the 
pronounced relief. Saba can be divided in three climate zones based on temperature and 
precipitation. The lower elevations (0 – 450 m) have a savannah climate, the middle elevations at 
450 – 800 m have a tropical rainforest climate with a dry season, and above 800 m a tropical 
rainforest climate prevails (Hofman and Hoogland 2003). 
 
 
Figure 7: The island Saba (after http://saba.caribseek.com/Saba_Walking_Tours/walking-tours-
map.shtml) 
 
3.2.2 Cultural setting 
The occupational history of Saba can be divided into three main periods. Saba is thought to be 
populated around AD 400 during the late phase of the Early Ceramic Age (Hofman and Hoogland 
2003), although there is also a find of (only four) shell tools that date from 1000 BC (Roobol and 
Smith 1980). Sites that were inhabited by this time are Spring Bay 1a and Kelbey’s Ridge 1. 
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Ceramics from this period concern the Cedrosan Saladoid subseries. The second phase and major 
phase of occupation falls between AD 800 and 1200 with sites as The Bottom, St. John’s and 
Spring Bay 1b, 2 and 3. Ceramics from this period concern the Mamoran Troumassoid subseries. 
The last phase concerns occupation after AD 1200 at Spring Bay 1c and Kelbey’s Ridge 2. 
Ceramics from this period concern Chican Ostionoid subseries of the Greater Antilles, dating to 
ca. AD 1200 – 1500. 
 Kelbey’s Ridge is only one site in the range of several sites from different periods (for example 
Spring Bay, Plum Piece, The Bottom and St. John’s) excavated at Saba. Kelbey’s Ridge is a cone-
shaped dome that lies between the lava flow of Flat Point and the basin of Spring Bay. Between 
these areas, there is a shallow depression where both Kelbey’s Ridge 1 and Kelbey’s Ridge 2 are 
situated at a triangular terrain of circa 1 ha. The site lies at an elevated point, which provides a 
good view over the area. Furthermore the location is positioned between different ecological 
zones that can be exploited easily: the sea is only 300 m from the site and the rainforest can be 
easily accessed. The area of Kelbey’s Ridge was surveyed in transects at intervals of 16 to 22 m. 
During this survey various objects were found such as pottery sherds, coral, flint, shell and some 
colonial artifacts. In the middle of the surveyed area a cluster of objects was evident and called 
Kelbey’s Ridge 1. Kelbey’s Ridge 2 consisted of a cluster more along the ridge of the surveyed 
area. Respectively, Kelbey’s Ridge 1 is a briefly occupied site from the latest phase of the 
Cedrosan Saladoid subseries (Hofman 1993; Hoogland 1996) and Kelbey’s Ridge 2 is determined 
as a longer occupied site from the Chican Ostionoid subseries (Hoogland 1996, 193). After this 
short introduction to Kelbey’s Ridge as a whole, Kelbey’s Ridge 1 will be introduced based on the 
archaeological survey and excavation that have been done there. This will be followed by a more 
extensive discussion about the Kelbey’s Ridge 2 site. 
 
Kelbey’s Ridge 1 
At Kelbey’s Ridge 1 archaeological materials such as potsherds, shells, exoskeletal part of land 
crabs and other faunal remains are found. The subsistence remains are concentrated in the 
northeastern part of the site, possibly indicating a midden area. Besides these remains, two 
postholes, an ash layer and five animals burrows are found. Hofman (1993) assigned the Kelbey’s 
Ridge 1 assemblage to the first period of the Saban chronology and the pottery to the Cedrosan 
Saladoid subseries. Although there are only a few pottery sherds found that can be assigned to 
the Cedrosan Saladoid subseries, the sample of crab claw that was taken for radiocarbon dating, 
provided a date in range of 660 – 885 cal AD. In combination with the date range of the crab, the 
pottery found and the subsistence remains, this indicates that the site was occupied during the 
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Cedrosan Saladoid period. The subsistence remains such as crab are in agreement with the 
Saladoid subsistence known from other Lesser Antillean islands. However, the site isn’t occupied 
very long since the small extent of the deposits. 
 
Kelbey’s Ridge 2 
Kelbey’s Ridge 2 is thought to be occupied for a longer time than Kelbey’s Ridge 1. At Kelbey’s 
Ridge 2 a lot of postholes are found, as well as pits, colonial and recent features, hearts and most 
important for this research: burials. The stratigraphy of the site was uncovered by excavation 
units of 2 by 2 m. These excavation units showed a simple stratigraphy on the site: a 5 to 10 cm 
level of pre-Columbian artifacts on top of a sterile subsoil. This layer is capped by a 30 to 40 cm 
thick plough zone with both pre-Columbian artifacts as well as colonial artifacts. Based on several 
radiocarbon dating samples, the site can be dated to an occupation during the fourteenth 
century. The features of Kelbey’s Ridge 2 can be divided in several categories: colonial and recent 
features, Amerindian pits, postholes, hearts and burials. Below these categories will be discussed 
shortly, except for the burials which will be elaborated on more in depth. 
 
Features and artifact categories 
The colonial and recent features of Kelbey’s Ridge 2 regard a low stone construction (probably 
the foundation of a traditionally Saban house) with underneath a refuse pit and a hearth. In two 
other pits some faunal remains, China ware and metal artifacts were found. Besides these 
colonial and recent features, a lot of Amerindian features were discovered. It was very difficult to 
determine whether a feature was a pit or a shallow posthole. Some criteria for the distinction 
between these features are necessary because both in the pits as in the postholes pottery, shells, 
stone fragments and charcoal were found. The criterion for the pits is determined as follows: “(…) 
pits have a rounded base while their depth is less than the diameter or the width” (Hoogland 
1996, 128). With the determination of the criterion for the pits, also a criterion for the postholes 
is assigned: “(…) a minimum diameter-depth ratio of 1 to 1” (Hoogland 1996, 128). As said before, 
some postholes or pits were very shallow. In this case, the features were included to the posthole 
category and during analysis of the hut plans these “uncertain” postholes were kept in mind. In 
some of the postholes stones were found that probably served as a foundation for the posts. 
 Several hut plans were identified using the postholes. These plans are based on the horizontal 
distribution and the depth of the postholes. This led to the identification of approximately seven 
hut plans. Hut plans 1, 3, 4 and 5 concern round or oval structures of about 8,5 to 9,5 meters in 
25 
 
diameter, with hut plans 5 as being a larger structure than the other three. Structure 1 and 2 are 
associated with a heart. Underneath the hearth a posthole of structure 1 was found, implying 
that structure 2 is a rebuild phase of structure 1. These structures are thought to be cooking huts. 
The same goes for structure 6. In total four pre-Columbian hearts were found at the site, of 
which three hearts are excavated. The hearts were found in the southeastern part of the site 
along the ridge. The hearts seem to appear in couples. In all hearts remains of small bones and 
shells were found, indicating the hearts to be cooking places. Hut plan 7 was probably some kind 
of shed. 
 Also pottery and other artifacts were found. The pottery belongs to the Chican Ostionoid 
subseries. Other artifact categories concern spindle whorls, stone tools, flint and flaked artifacts, 
shell artifacts, coral artifacts, beads and pendants, three pointed artifacts or zemis and a snuff-
inhaler. No further attention to these categories will be given since this isn’t relevant for the 
research done. 
 
Burials 
In this paragraph the burials will be discussed using the information from the analysis done dr. 
Darlene Weston in 2010. Since Panhuysen hasn´t published results of this analysis (yet) and 
because Weston’s data is more recent, the report of Weston is used. An overview of the physical-
anthropological characteristics of the burials that were in first place identified can be found in 
table 2. Additional information after the analysis of dr. Darlene Weston is added or changed since 
this is believed to be more accurate.  
 Before elaboration on the skeletons will be given, a few side notes have to be made with 
regard to the ageing and sexing of these individuals. The juvenile individuals are aged using the 
stage of dental development (Smith 1991), long bone length (Sundick 1978; Ubelaker 1989) and 
the degree of epiphyseal fusion (Scheuer and Black 2000). Since exact determination of age isn’t 
possible, age groups are used in both juveniles and adults. Ageing of adult individuals is based on 
several methods, namely: changes in the morphology of the pubic symphysis (Katz and Suchey 
1986; Todd 1921a;b), auricular surface of the os coxae (Lovejoy et al. 1985), sternal rib ends 
(Işcan and Loth 1986a;b), degree of cranial suture closure (Meindl and Lovejoy 1985) and dental 
attrition (Brothwell 1981). The methods used for sexing of adult skeletons concern the 
morphological features of the skull (Acsádi and Nemeskéri 1970; Buikstra and Ubelaker 1994) and 
pelvis (Buikstra and Ubelaker 1994; Phenice 1969). Also metric traits of the clavicle (Jit and Singh 
1966), scapula (Iordanidis 1961), humurus (Stewart 1979) and femur (Pearson and Bell 
1917/1919; Stewart 1979) are used to determine the age of some individuals. 
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Table 2: Burials of Kelbey’s Ridge 2 (After Hoogland 1996, 153 and Weston 2010) 
Burial Sex Age Head facing Missing part 
F68-1 male 36 – 45 years east femur 
F68-3  3 – 4 years   
F132-1 female > 46 years south-west  
F132-2  0 – 3 months south  
F148 probable female > 30 years east  
F149  5 – 6 years   
F166-1  10 – 12 years east cranium 
F166-2  + 3 months   
F313  11 – 13 years south cranium 
F337  2 – 3 years west humurus 
 
The burials at Kelbey’s Ridge 2 were associated with the residential structures as presented 
above. The burials were placed underneath or near to the house. This is a common use seen in 
various other sites in the Caribbean islands and Amazonian mainland. In first place, seven burials 
were found and can be divided into single, composite or secondary burials. Individuals were 
buried in strongly flexed position facing northeast to southwest. First some additional individuals 
were overlooked because of small numbers of duplicated bone elements. After further analysis in 
the lab a total of a minimum number of individuals of ten was determined of which a detailed 
overview will be provided in the following section (Weston 2010).  
 
Skeleton no. 68-1 
F068 was a shallow burial pit measuring 85 by 60 cm. The remains were well preserved but still 
very fragmented. The burial consisted of a primary inhumation with a secondary internment of 
the cremation remains of two children (skeleton no. 68-2/149). The remains belong to an adult 
person which was buried in a tightly flexed position and inclined head. (Hoogland 1996, 141-142). 
This individual was identified as being a male age between 36 and 45 years. The person had a 
very poor dentition and suffered from heavy stress during life on his back, left shoulder and knee. 
It wasn’t possible to determine the cause or manner of death for this individual (Weston 2010, 
16-18).  
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Skeleton no. 68-3 
During excavation this individual was overseen, since it was comprised of only a few skull 
fragments and some teeth. These fragments were found in combination with the fragments of 
skeleton no. 68-1 and no. 149. (Hoogland 1996, 143). The individual was partially cremated and 
aged at three to four years old. Based on the fragments of the skull and teeth, no further 
information could be obtained from this individual except that it may have suffered from 
nutritional deficiencies based on the signs of cribra orbitalia on the left orbit of the skull. It wasn’t 
possible to determine the cause or manner of death. (Weston 2010, 18). 
 
Skeleton no. 132-1 
This burial consisted of an adult found in flexed position and inclined head. The knees were found 
at the level of the head, which indicates how tightly flexed the position was. Since the 
articulation of the skeletal parts was good, it shows that the burial pit wasn’t left open after 
burying this individual. However, the feet were disarticulated which can be explained by the 
burial of the infant. Two small pits were dug into the primary burial of this individual with one pit 
serving as a burial pit for the infant. The function of the other pit is unclear (Hoogland 1996, 143-
145). Based on the traits of the skull and pelvis, the individual was indicated a female. Based on 
the sutures of the skull, the woman is aged older than 46 years. The dentition was completely 
developed, showing a lot of pathologies such as caries, calculus formation, broken crowns, 
cavities in the pulpa and abscesses in the alveolar bone. Looking at the osteoarthritis and 
osteoporosis, she had a strenuous life. It wasn’t possible to determine the cause or manner of 
death (Weston 2010, 18-20). 
 
Skeleton no. 132-2 
This individual was buried into the primary burial of skeleton no. 132-1. The infants’ head was 
laid on the knees of the woman, facing south. The individual was positioned on the back with the 
arms along the body. The legs were slightly bent. Possibly a fire was burnt near or in the burial, 
since some ash was found at the bottom of the pit. Also in the upper level of the burial ash traces 
were found, which can be caused by a fire that was burnt on top of the burial (Hoogland 1996, 
143-145). Based on the dental development, the individual is aged between zero and three 
months. Furthermore, no details could be obtained from the skeleton. There were no skeletal or 
dental pathologies and the cause or manner of death couldn’t be determined (Weston 2010, 20). 
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Skeleton no. 148 
This skeleton was found in a burial pit of approximately 75 cm in diameter and 30 cm in depth. 
Stones were found in the pit, probably to support it. The individual concerns an adult person 
buried in flexed position facing east and had similarities with the individual of F068. Preservation 
was very poor and the skeleton also suffered from bioturbation. The taphonomy showed that the 
burial pit was left open for a certain amount of time. The ligaments of the wrists, hands and feet 
had enough time to decay since the bones of the hands were found on the bottom of the burial 
pit. However, the burial pit wasn’t open long enough for all the ligaments to decay because the 
other skeletal parts were found in articulated position (Hoogland 1996, 145-146). Based on the 
analysis the individual is assigned to be a “probable female”. Based on the dental attrition and 
presence of degenerative joint disease, the individual is aged at least older than 30 years of age. 
Only a few teeth are preserved and are extremely worn. This individual also suffered from 
traumas found on the skull and forearms. Since these traumas were very good healed during life, 
it is stated that the traumas weren’t the cause of death. However, exact cause or manner of 
death couldn’t be further determined (Weston 2010, 20-23). 
 
Skeleton no. 149 
This individual concerned a child in very good preservation although a lot of bones are missing 
(Hoogland 1996, 146). The skeleton was partially cremated and found in the cavity of skeleton 
no. 68-1 and no. 68-2. The longitudinal splitting of the shafts and the cracking of the cranium 
fragments show that during cremation, the bones were already unfleshed. This pattern of 
splitting is characteristic for the shrinkage of bones in a dry state (Ubelaker 1984, 35). Based on 
the dental development and tooth eruption, the individual is aged at five to six years. No dental 
or skeletal pathologies were found and the exact cause or manner of death couldn’t be 
determined (Weston 2010, 23). 
 
Skeleton no. 166-1 
This individual appeared to be a child with a poor state of preservation. In the burial the shafts of 
the long bones, mandible, the lower part of the vertebral column, ribs and some metacarpals and 
metatarsals were present. Although the skull was missing, almost all the teeth from the maxilla 
were found in the area were the head was expected to be found. The individual was found in 
flexed position with the head originally facing east. Although AMS dating of the collagen provides 
a date in the colonial period, this individual is thought to be Amerindian due to the missing skull, 
flexed position and the general orientation of the burial (Hoogland 1996, 147). The only 
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information that could be obtained after analysis is the age determination of 10 to 12 years of 
age. The remains were extremely fragmented so further analysis wasn’t possible. There was no 
evidence of skeletal or dental pathology. Cause or manner of death couldn’t be determined 
(Weston 2010, 24). 
 
Skeleton no. 166-2 
In the field this second individual in F166 wasn’t spotted. As is the case with skeleton no. 166-1, 
this individual is very fragmented and had no skeletal or dental pathologies. The individual is 
aged at approximately three months of age. Cause or manner of death couldn’t be determined 
(Weston 2010, 24). 
 
Skeleton no. 313 
This individual was found in a moderate state of preservation, though incomplete. The cranium 
was missing but after reconstructing it could be said that the individual was facing south. Legs 
were, as is the case in other individuals, firmly bent (Hoogland 1996, 148). Based on the 
dentition, an age of 11 to 13 years could be assigned to this individual. No skeletal or dental 
pathologies were found and cause or manner of death couldn’t be determined (Weston 2010, 
24). 
 
Skeleton no. 337 
The feature had a diameter of approximately 35 cm, and was surrounded by stones and rocks 
deposited by natural processes. The skeleton was in good state of preservation though 
incomplete. The individual was so tightly buried that it needed a space of only 25 cm. 
Underneath the head an oval stone was found which could be a mortuary gift (Hoogland 1996, 
149-150). This individual is aged between two and three years. A large degree of wear was found 
on the mandibular and maxillary incisors, which is very rare for individuals of this age. An 
explanation could be sucking of the thumb or use of ceramic feeding vessel. What was also 
particular in this individual is the artificial cranial modification (Weston 2010, 25). This is a 
common use in the Caribbean region, but in this population this is the only individual in which it 
is spotted due to poor preservation of the cranium. It is thus possible that more individuals could 
have had artificial cranial modification. 
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3.3 Case study 2: Manzanilla, Trinidad 
3.3.1 Natural setting 
Trinidad (fig. 8) is a Caribbean island situated 18 km north of Venezuela, South-America. The 
closest island is Tobago, which is located 32 km north of Trinidad. These two islands are 
separated by a sea-channel called the Galleons Passage. Although these islands belong to the 
Caribbean islands, the closest “next” island is Grenada at a distance of 150 km north (Dorst and 
Atlena 2005). The island measures 83 by 59 km and has a surface of 4772 km
2
 (Boomert 2000, 
18). Despite the fact that Trinidad belongs to the Caribbean islands, it is geologically not part of 
this arc. Trinidad was once part of the South-American mainland. Because of sea-level rise during 
the post-Pleistocene era, Trinidad “detached” itself from the mainland and became an island 
(Dorst 2004, 54). Trinidad is divided in different “zones” namely: the Northern Range, the 
Northern Basin, the Central Range, the Southern Lowland, the Southern Range and the Coastal 
zones. For more information on these different zones, Boomert (2000, 24-29) provides a good 
overview. Trinidads’ climate is tropical with humid conditions. Hurricanes and tropical storms are 
common. A year can be divided in two seasons: the dry season running from January to May, and 
the wet season running from June to December. The latter is interrupted in September by a little 
dry season (Boomert 2000, 23-24). 
 
 
Figure 8: The island Trinidad (after 
http://www.enchantedlearning.com/northamerica/trinidadtobago/outlinemap/) 
 
3.3.2 Cultural setting 
Trinidad is very rich in number of archaeological sites. At least 200 Amerindian sites are known 
until today. These sites have very different characteristics from a seasonal site to a multi-
component site such as Manzanilla 1 (Boomert 2000, 495-505). Because there are so many sites 
on Trinidad, it is impossible to elaborate on all of them. Additionally, elaboration on these sites 
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isn’t of great value for this study. For more detailed information Boomert (2000) provides an 
extensive research on Trinidad and Tobago. In the following elaboration is given on the 
archaeological research done, the archaeological features and cultural aspects of Manzanilla. 
 
Manzanilla 1 (SAN-1) is situated on the border of the Southern Basin and the Central Range. The 
site is located on a low hill on the transition of the Lower Tertiary and Cretaceous hills and the 
Miocene and Pliocene sandstones, siltstones and clays (Dorst and Atlena 2005) and is situated at 
a flat plateau which covers a total are of 200 by 250 m. It isn’t clear when Manzanilla 1 was 
discovered. The first mention of the site seems to be in the late 1930s and early 1940s by John A. 
Bullbrook but the location of this site is more north than the Manzanilla 1 site so probably this 
isn’t Manzanilla 1. The second mention of the site concerns an article by Phil Vieira. Since this 
article names the same characteristics that Manzanilla 1 has, it is likely that this is the first good 
description. The excavation was done under supervision of Mr. T. Cambridge (chairman of the 
National Museum) and Mr. A. Collier (secretary director of the Trinidad Publishing Co). After this 
excavation, the site is researched three more times by P. O’Brien Harris in 1968, 1972 and 1974, 
before a large-scale study was undertaken between 1997 and 2007 (in 1997, 2001, 2003, 2004, 
2006 and 2007). In 1997 an excavation was carried out by an archaeological team from University 
Leiden in cooperation with the National Archaeological Committee of Trinidad and Tobago and 
the Department of History of the University of the West Indies UWI). After this first excavation, 
the project (which was partly funded by the Department of History of the University of the West 
Indies) was initiated by Prof. K.O. Laurence but led by M. Dorst in the following years. 
 During the fieldwork of 1997 four “empty” zones were found, probably serving as plazas and 
location for (house) structures. These “empty” zones were surrounded by midden areas. During 
fieldwork of 2001, 2003 and 2004 it became clear that the central plaza was surrounded by a ring 
of houses, resulting in at least the presence of structure A and structure D. On the site two 
complexes of pottery styles are recognized. The first one concerns the Saladoid series which 
dated from AD 300 – 650 (Late Palo Seco complex), and the second one concerns the 
Arauquinoid series which is called Guayabitoid in Trinidad and dates from AD 650 – 1400 
(Bontour complex). Radiocarbon dating support these dates by indicating a habitation span 
between AD 406 and 892. Overall Manzanilla seemed to have served as a trade settlement 
between communities of the northern part and southern coast of Trinidad and Tobago (Nieweg 
and Dorst 2001). 
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Features and artifact categories 
Excavations at Manzanilla 1 were carried out with use of large units, small test units, trenches 
and the auger test program. The total number of features excavated during all these years of 
fieldwork is numerous. Different kinds of features can be distinguished, such as: postholes, 
stakes, pits, stone circles, midden deposits and burials. But also different kinds of artifacts are 
found: ceramics, stone, faunal remains such as shell and coral, and bone artifacts. Ceramics 
concern bowls, spindle whorls and vessels. Some ceramics are most likely produced in the 
Northern Range when looking at the mica and glimmer in their matrix. Bone artifacts concern a 
shark tooth. The faunal remains concern coral and remains of vertebrates and invertebrates. 
Shell artifacts are made from Strombus gigas. And finally, the stone and lithic remains concern 
hammer stones, flakes, axes and grinding tools. Some stone and lithic concern black flint and 
diorite but also a small turquoise bead. When looking at the found turquoise, diorite, matrix of 
the ceramics (but also ceramic styles) it is likely that the people of Manzanilla took part in the 
exchange network in the Caribbean islands since these “products” aren’t local and available at 
Trinidad itself. 
 
Burials 
In this paragraph the burials of Manzanilla will be discussed with use of the information provided 
by the reports of Marc Dorst. At this moment dr. Darlene Weston is working on a skeletal report 
of the Manzanilla skeletons which unfortunately couldn’t be used in this research. Below all 
burials will be called but only elaboration is given on the juvenile skeletons.  
 
During the fieldwork season of 2001, a number of 17 burial features were noted. Eight of these 
burials were excavated, eight were left untouched and one feature consisted of a so-called 
“possible burial”. During the 2003 fieldwork, 12 new burials were found. Two burials already 
noted in 2001 were now excavated, making a total of 14 burials. Six of these burials are 
completely excavated and eight were left untouched. In 2004 there were 14 new burials noted. 
The fieldwork of 2004 revealed 13 new burials of which five are completely excavated and four 
are partly excavated. The others were unopened. In 2006 four “old” and tree “new” burials were 
excavated. And finally in 2007, 10 new burials were found and 12 burials were excavated 
consisting 19 individuals. 
 In total only eight juvenile skeletons were excavated and analyzed. Some of the individuals 
are undoubtedly children, others are more uncertain. The age range of some of the skeletons is 
very large, being for example + 10 to 12 months. In the following section elaboration is given on 
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the juvenile skeletons. This information is based on the (preliminary) reports of the excavations 
by dr. M. Dorst and his team. Dr. D. Weston has analyzed this skeletons in January 2011 of which 
the results will be presented in a report that will be provided in the near future. 
 
Feature 7 
The south part of this feature is missing because of another overlapping feature. Some parts of 
the skull were missing, probably due to recent erosion and cleaning practices at the site. This 
primary interred skeleton was found in a tightly flexed position with a north-south orientation 
and no burial gifts were found. Due to small bones found, it is suggested that this skeleton 
belonged to an non-adult. Based on the dental eruption method an age of 7 years + 24 months is 
estimated. No pathological bone deformations were found (Dorst et al. 2003). 
 
Feature 99 
The preservation of this burial is very bad with the entire left side of the skeleton being absent. 
Because the skeleton was buried just below the present day surface is it believed that the 
damage wasn’t caused during Amerindian times, although this isn’t completely certain because 
this individual was found in a midden deposit. The individual was buried in a dorsal extended 
position and concerns a primary internment. Because of poor preservation sex and age couldn’t 
be determined. Based on the size of the bones, it is suggested that this individual concerned a 
sub-adult (Dorst et al. 2004). 
 
Feature 117 
This feature was partly excavated in 2003 and completed in 2004. Feature 117 concerns a 
primary burial of one individual buried in a seated and flexed position. Not all bones were 
present such as the cranium, mandible and humeri but preservation of other bones was good. It 
is believed that after internment the burial pit was reopened to remove some bones which 
caused the displacement of bones. In the fill of the burial pit nine wall sherds were found. The 
original orientation of this individual was probably northwest-southeast. Based on the 
ossification of the axial skeleton age is determined between 17 and 19 years old. Analysis of the 
pelvis showed a tendency towards masculinity (Dorst and Atlena 2005). 
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Feature 126 
This individual was buried in a half seated/half lying on the back position with flexed legs. The 
cranium rested on a pebble with two additional stones besides the head to keep it in place. Also 
large stones were found below the right arm and between the scapulae. The body was northeast-
southwest orientated and preservation was moderately well. It is suggested that this feature 
concerns a primary burial. However, the burial pit was partly left open for some time since the 
legs were fallen to the sides but the ribs were still is place. The pit was thus closed before 
complete decomposition began. Age is estimated at approximately 10 years + 30 months, based 
on dental eruption. In the burial pit both ceramics as stone and lithic artifacts were found (Dorst 
and Atlena 2005). 
 
Feature 127 
Because this individual was found just beneath present day surface, preservation was very poor. 
This individual was buried on the back in a flexed position with the arms underneath the legs, 
possibly wrapped in a hammock or cloth which suggests a primary burial. Orientation was south-
north. Although exact age couldn’t be determined, it is clear that this individual concerns a sub-
adult of approximately eight years. This is based on the distal ends of the phalanges and skeletal 
size which was compared with the bones of the infant of feature 7 (Dorst and Atlena 2005). 
 
Feature 131 
Feature 131 concerns a primary individual which was found in an extended position on the back 
with a northwest-southeast orientation. But as can be concluded from the position of the spinal 
column and arm bones, it is possible that the individual was interred on the left side of the body. 
Preservation was poor, possibly by bioturbation, so age and sex couldn’t be determined. Based 
on the length of the bones, it is suggested that this concerns a young adult. Some ceramics were 
found in the fill of the pit (Dorst and Atlena 2005). 
 
Feature 189 
This feature was found in 2004 but left unexcavated. It is found in combination with feature 197 
which will be elaborated on below. Feature 189 concerns a primary burial of a sub-adult of 
approximately 11 years old. In this burial pit also a bundle of adult bones (long bones and 
cranium) was found which was there before the sub-adult was interred (Dorst 2006). 
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Feature 197 
This individual is buried in a secondarily used posthole. The individual was interred in a seated 
east-west orientated position, facing west. Bones are well preserved, though very fragile. The 
burial can be indicated as being primary. Based on dental development an age of three to four 
years + 12 months is suggested. In the burial pit ceramics and stone, lithic and shell artifacts were 
found. It is suggested that at least some of these artifacts can be regarded as burial gifts (Dorst 
and Atlena 2005). 
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4 Skeletal analysis 
In the previous section elaboration is given on all excavated juvenile skeletons. However, only a 
few could be used in this research. The skeletons were selected based on two requirements. The 
first one being that at least one of the long bones was complete. A long bone is regarded as 
“complete” when the whole bone is intact. Of course when more long bones were complete, all 
usable bones were used. The second requirement is the presence of the dentition or at least 
some teeth to be able to determine age at death. Based on these requirements not all juvenile 
skeletons could be used. Secondly, a part of the skeletons of Manzanilla (feature numbers 7, 99, 
117, 126, 127 and 131) were still in Trinidad so these skeletons couldn’t be analyzed. Table 4 (tab. 
4) provides an overview of the juvenile skeletons from Kelbey’s Ridge 2 and whether the 
skeletons were used in this research or not. Table 5 (tab. 5) provides a similar overview for 
Manzanilla. 
 In this study no distinction between males and females will be made. It is worthwhile to say 
that “tooth development is very slightly but significantly more advanced in girls than in boys at all 
stages, even before puberty” (Brothwell 1963, 195). But since the preservation of these skeletons 
is very bad, sexing these skeletons isn’t possible. Also the statement Buikstra and Ubelaker made 
about determination of sex in juvenile individuals still stands: “as yet there are no standards for 
diagnosing sex in juvenile materials considered acceptable by most osteologists” (Buikstra and 
Ubelaker 1994, 16). This doesn’t mean, however, that sexing in juveniles isn’t possible. With use 
of DNA-analysis it is possible to estimate sex in some cases. Furthermore, below long bone 
measurements is elaborated on as well as how dental age is obtained. 
 
Table 3: Juvenile skeletons from Kelbey’s Ridge 2 
Feature no. Bones Teeth Skeleton used? 
68.3 Bones couldn’t be measured 4 teeth present Yes 
132.2 6 (3 left, 3 right) bones could be measured 18 teeth present Yes 
149 Bones couldn’t be measured 8 teeth present Yes 
166.1 Bones couldn’t be measured 24 teeth present Yes 
166.2 Bones couldn’t be measured No teeth present No 
313 Bones couldn’t be measured 14 teeth present Yes 
337 Bones couldn’t be measured 10 teeth present Yes 
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Table 4: Juvenile skeletons from Manzanilla 
Feature no. Bones Teeth Skeleton used? 
189 Bones couldn’t be measured 27 teeth present Yes 
197 1 bone could be measured 11 teeth present Yes 
7 Skeletal material not available No 
99 Skeletal material not available No 
117 Skeletal material not available No 
126 Skeletal material not available No 
127 Skeletal material not available No 
131 Skeletal material not available No 
 
4.1 Methodology 
4.1.1 Long bone measurements 
Measuring of bone length is done with an osteometric board. Normally the left bones of the 
skeleton are measured. Since the assemblages analyzed in this study were very small, no 
distinction is made between the left or right bones of the same kind of long bone although the 
left bone is still preferred when both the right and left bones were present. 
 Brothwell (1981) provides an overview on how long bones should be measured. Maximum 
length of the femur should be measured “from the medial condyle at the distal end of the femur 
to the most proximal part of the head” and the “posterior border (linea aspera side) should face 
downwards on the osteometric board” (Brothwell 1981, 85). Maximum length of the tibia is 
measured “from the lateral condyle at the proximal end of the tibia to the tip of the medial 
malleolus” and the “posterior surface should face downwards on the osteometric board, the long 
axis of the bone being parallel to the long axis of the board” (Brothwell 1981, 85). Maximum 
length of the humurus is measured “from the medial margin of the trochlea at the distal end to 
the head of the bone. The head is placed against the fixed vertical of the board, and the other 
upright to the distal extremity; the bone is then moved up and down as well as from side to side 
until a maximum length is obtained” (Brothwell 1981, 85). This measuring procedure is the same 
for the radius, ulna and fibula with the maximum length of the radius measured “from the head 
to the tip of the styloid process at the distal end”, the maximum length of the ulna measured 
“from the top of the olecranon to the tip of the styloid process at the distal end” and the 
maximum length of the fibula measured “between the proximal and distal extremities” (Brothwell 
1981, 85). 
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4.1.2 Dental analysis 
First the all present teeth of each skeleton are identified. A distinction is made between 
deciduous and permanent teeth. After this each teeth is scored present or absent. Additionally, 
each tooth was assigned a number according the FDI numbering system. In this system, each 
tooth has a code as can be found in the tables below (tab. 5 for deciduous dentition and tab. 6 
for permanent dentition). Numbers will be used to identify the tooth very quickly during analysis. 
These numbers are preferred over the other indications as can be found in the table as well 
(letter, number, superscript and subscript). Although this notation can be understood at glance, it 
can lead to clerical errors very easily due to the super- and subscript notation. Therefore, it is 
chosen to use the FDI numbering system. Finally, a dental age is estimated for each skeleton 
based on the Ubelaker chart (fig. 3). 
 
Table 5: Notations for deciduous teeth 
Upper right teeth Upper left teeth 
dP
4
 dP
3
 dC
1
 dI
2
 dI
1
 dI
1
 dI
2
 dC
1
 dP
3
 dP
4
 
55 54 53 52 51 61 62 63 64 65 
85 84 83 82 81 71 72 73 74 75 
dP4 dP3 dC1 dI2 dI1 dI1 dI2 dC1 dP3 dP4 
Lower right teeth Upper left teeth 
 
Table 6: Notations for permanent teeth 
Upper right teeth Upper left teeth 
M
3
 M
2
 M
1
 P
4
 P
3
 C
1
 I
2
 I
1
 I
1
 I
2
 C
1
 P
3
 P
4
 M
1
 M
2
 M
3
 
18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28 
48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38 
M3 M2 M1 P4 P3 C1 I2 I1 I1 I2 C1 P3 P4 M1 M2 M3 
Lower right teeth Upper left teeth 
 
4.2 Results 
In this paragraph the results of the skeletal analysis are presented. Kelbey’s Ridge 2 provided a 
total of seven juvenile skeletons. One skeleton (F166.2) couldn’t be used for analysis because the 
long bones were fragmented and the dentition was absent. One skeleton (F132.2) could be used 
for both long bone and dental ageing. The other five skeletons could only be used for dental 
ageing. Manzanilla provided a total of eight juvenile skeletons. Six skeletons were still stored in 
Trinidad, so only two skeletons were available for analysis. One skeleton (F189) could be used for 
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dental ageing. The other skeleton (F197) could be used both long bone measurements as well as 
for dental ageing. 
 
4.2.1 Results of Kelbey’s Ridge 2 
Feature no. 68.3 
Feature number 68.3 didn´t have any long bones. A total of four teeth were present: 26, 53, 62 
and 83. These codes correspond to the following teeth: upper first left permanent molar, the 
upper and lower right deciduous canine and the upper left deciduous second incisor. Based on 
the presence of these four teeth, an age of at least 6 years + 2 years could be estimated. 
 
Feature no. 132.2 
Feature number 132.2 was the only skeleton from Kelbey’s Ridge 2 that could be used for the 
measurements of long bones. A total of three long bones could be measured. Both left and right 
long bones were measured which provided the same lengths for both sides. The humurus 
measured 64 mm, the ulna measured 60 mm and the tibia measured 52 mm. Compared with the 
standard of Moorrees et al. (1963a;b) the bones all provided an age of new born to 0,5 years of 
age. Concerning the dentition, a total of 18 teeth were present. The only two teeth that were 
absent were 71 and 73. These codes correspond to the lower first left deciduous incisor and the 
lower left deciduous canine. Because these two teeth are already developed before the 
premolars are developed, it is thought that these teeth were once present in this individuals 
dentition. Due to unknown reasons these teeth aren’t retrieved from the archaeological record 
or possibly weren’t even present during internment. The presences of a complete deciduous 
dentition provides an age of at least 6 months + 3 months. 
 
Feature no. 149 
Feature number 149 concerned a cremated skeleton. This skeleton consisted of bones which 
couldn’t be measured because they were fragmented. Concerning the dentition, eight loose 
teeth were present namely: 12 – 15, 22, 23, 27 and 44. Also a few unidentifiable fragmentary 
deciduous teeth were present. The codes for the loose teeth correspond to the following 
permanent teeth: upper four canines (left and right), upper right two premolars, upper second 
molar and the lower first premolar. Based on the presence of the various permanent teeth, an 
age of at least 5 years + 1,5 years could be estimated. 
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Feature no. 166.1 
Feature number 166.1 couldn’t be used for long bone measurements. A total of 24 permanent 
teeth were present. Eight teeth were absent: upper left and right second molar, the upper right 
second premolar, the upper left first incisor, the lower right first and second molars, the lower 
left second premolar and the lower left third molar. Based on the presence of the other teeth, an 
age of 10 to 12 years + 2,5 years could be estimated. 
 
Feature no. 313 
Feature number 313 couldn’t be used for long bone measurements due to breakage. A total of 14 
permanent teeth were present. These teeth are: 11 – 13, 21, 23, 24, 28, 33 – 35, 37, 43, 45 and 
47. These codes correspond to the following teeth: the upper right first and second incisors, the 
upper right canine, the upper left first incisor, the upper left canine, the upper left first premolar, 
the upper left third molar, the lower left canine, the lower left first and second premolar, the 
lower left second molar, the lower right canine, the lower right second premolar and the lower 
right second molar. Based on the presence of these teeth an age of at least 11 years + 2,5 years 
could be estimated. 
 
Feature no. 337 
Feature number 337 couldn’t be used for long bone measurements due to breakage. A total of 6 
deciduous teeth were present: 51 – 53 and 61 – 63. These codes correspond to the following 
deciduous teeth: the upper right and left, first and second incisors and the upper right and left 
canines. A total of six permanent teeth were present: 11, 12, 16, 21, 22 and 26. These codes 
correspond to the following permanent teeth: the upper right and left, first and second incisors 
and the upper left and right first molar. Based on the presence of these teeth an age of at least 3 
years + 1 year could be estimated. 
 
4.2.2 Results of Manzanilla 
Feature no. 189 
Feature number 189 couldn’t be used for long bone measurements due to breakage. A total of 31 
teeth were present meaning that only one tooth was missing, namely 14. This concerns the 
upper right first premolar. The lower left and right third molars were erupting. Since third molars 
have a large time span for erupting, these teeth are excluded in the research. Based on the 
present teeth an age of at least 12 years + 2,5 years could be estimated. 
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Feature no. 197 
Feature number 197 is the second skeleton that could be used for long bone measurements. The 
humurus measured 131 mm and was the only long bone that could be used. This provided an age 
of 1,5 – 3,5 years of age based on Moorrees et al. (1963a;b). Concerning the dentition, a total of 
12 teeth were present: 36, 46, 71 – 75 and 81 – 85. These codes correspond to all lower 
deciduous teeth and two lower permanent first molars. The combination of these teeth provides 
an age of at least 6 years + 2 years. 
 
4.2.3 Overview of the estimated age 
In the previous paragraphs the results of the skeletal analysis are presented. Here an overview of 
all analyzed skeletons with the assigned age is presented (tab. 7).  
 
Table 7: Estimated ages for all analyzed skeletons 
Site Feature 
Age derived from 
Estimated age (at least) 
Long bone length Dentition (at least) 
Kelbey’s 
Ridge 2 
68.3  6 yrs +  2 yrs 6 yrs +  2 yrs 
132.2 NB – 0,5 years 6 months + 3 months 6 months + 3 months 
149  5 yrs + 1,5 yrs 5 yrs + 1,5 yrs 
166.1  10 – 12 yrs + 2,5 yrs 10-12 yrs + 2,5 yrs 
313  11 yrs + 2,5 yrs 11 yrs + 2,5 yrs 
337  3 yrs + 1 yr 3 yrs + 1 yr 
Manzanilla 
189  12 yrs + 2,5 yrs 12 yrs + 2,5 yrs 
197 1,5 – 3,5 years 6 yrs + 2 yrs No reliable age 
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5 Discussion 
This research is focused on two juvenile ageing methods (bone length and dental ageing) with 
regard to two Caribbean assemblages (Kelbey’s Ridge 2 and Manzanilla). When I started this 
study I had the assumption that these ageing methods could be applied on the assemblages but 
after a while it became clear that this wasn’t the case one on one. Additionally, the skeletal 
material turned out to be of much worse quality than first thought (which caused a change in the 
subject as already presented in the introduction). The skeletons where therefore used as a case 
study instead and were used to test whether these methods were applicable.  
  
First of all, the preservation of the skeletons wasn’t very good. Long bone ageing could 
unfortunately only be applied on two skeletons. The teeth were preserved better because it 
consists of very hard material but the maxillary and mandible where absent in almost every 
individual. 
 This bad preservation brings us to the second point. Although dentitions were available for 
almost all the individuals, during analysis it turned out that the use of the standard as provided 
by Ubelaker had to be adjusted. The teeth weren’t present in the mandible or maxillary but were 
found loose in the archaeological record. This means that the eruption of the teeth couldn’t be 
scored which is the basis for the Ubelaker chart. Consequently, it is unknown whether a teeth 
was completely erupted or not, but some approach to the age at death could still be estimated. 
The author chose to score the teeth based on presence or absence and used the Ubelaker chart 
to given an approximation of the age at death. This adjusted method is based on the assumption 
that although teeth were found loose in the archaeological record, they were already formed and 
therefore to some extent present in the dentition. It is thus taken into account that the presence 
of the teeth doesn’t mean that the teeth were fully erupted. By taking the lowest age at death 
still some approximation could be given to the individuals. Based on this assumption, an 
approximate age at death could still be assigned to an individual and therefor it has is kept in 
mind that the deviation is possibly larger and the age estimation is presented as the minimum 
age. This isn’t the most ideal approach with regard to age estimation, but it has to be said that 
there are always deviations and errors when analyzing skeletal material. Nevertheless, it has to 
be attempted to approach the age at death in the best possible way. Although there were some 
problems with the methodology in the analysis done, it is believed that due to the workability of 
the material this is the best age estimation possible.    
 Thirdly, it became clear that there were no Caribbean standards available for long bone 
length and dental ageing. The standards that are used in this research are thus non-Caribbean 
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standards. This can provide variability with regard to the estimated age because most of the time 
these standards are based on modern assemblages or are derived from assemblages that aren’t 
genetically or environmentally related to the analyzed assemblage. In this study the standards 
regard a standard from the North American Arikara standard developed by Moorrees et al. 
(1963a;b) and the Ubelaker chart based on Native Americans. These standards obviously don’t 
correspond to the Caribbean assemblage but are chosen because it is believed that these were 
the best usable standards. Although the use divergent standards by scholars is common, it still 
isn’t the best option. It should be aspired to use a standard that fits the assemblages which 
means that in this research Caribbean standards should have been used. The problem is that 
these standards don’t existed (yet). When looking at for example stature, there are standards 
available for various groups such as white males and females, black males and females, East 
Asian males and Mexican males (White and Folkens 2005, 399). This isn’t the case for Caribbean 
assemblages with regard to ageing methods.  
 Fourthly, the age that has been derived from the bones provided for skeleton 132.2 the same 
age as the dental age but for skeleton 197 a different age. An explanation for this difference in 
age could be that the standards are non-Caribbean but when looking at the standards as 
provided by Moorrees et al. (1963a;b), it shows that the range that is provided for a certain age 
category is sometimes based on only a few individuals. This is also the case for the humurus that 
provides an age between 1,5 and 3,5 years: there are respectively 10 and 11 individuals used to 
provide these standard. But when looking at the age range of NB – 0,5 years of age the humurus, 
ulna and tibia provided the same age with respectively 49, 47 and 47 individuals analyzed. 
Considering the fact that the bones in this age category have been measured in almost five times 
more skeletons, it can be said that this age category is more reliable than the other age 
categories (although this doesn’t have to be the case). 
 
Because the skeletons were already analyzed before, also comparison with the results of the 
previous research is possible. This comparison is very interesting because it gives a good view in 
the reliability of the methods used in this research and the estimation of age by various other 
methods. As can be seen in table 8 (tab. 8) the ages estimated in this study seem to approximate 
the ages provided by the literature (for methods used in literature see 3.2.2 for Kelbey’s Ridge, 
methods for Manzanilla are not listed in the reports of Dorst) . Although these estimated ages 
seem to correspond, it has to kept in mind that there are still some deviations that give an 
approximation of the age but are still very large. 
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Table 8: Comparison of estimated age and age provided by literature 
Site Feature Estimated age (at least) Age provided by literature 
Kelbey’s 
Ridge 2 
68.3 6 yrs +  2 yrs 3 – 4 yrs 
132.2 6 months + 3 months 0 – 3 months 
149 5 yrs + 1,5 yrs 5 – 6 yrs 
166.1 10 – 12 yrs + 2,5 yrs 10 – 12 yrs 
313 11 yrs + 2,5 yrs 11 – 13 yrs 
337 3 yrs + 1 yr 2 – 3 yrs 
Manzanilla 
189 12 yrs + 2,5 yrs + 11 yrs 
197 No reliable age 3 – 4 yrs + 1 yr 
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6 Conclusion 
In this final chapter the main question will be answered but first a short reiteration will be given 
on the research and research questions. The main question in this research is “Are ageing 
methods based on long bone length measurements and the dentition applicable on the juvenile 
Caribbean skeletons of Kelbey’s Ridge and Manzanilla?”. To answer this main question some 
introductive information was given in the first few chapters of this thesis. Chapter 2 addressed 
the ageing methods in a broad way focusing on both juvenile and adult ageing methods together 
with their advantages and disadvantages. This was followed by a chapter on the geography, 
environment and archaeology of the Caribbean Archipelago focusing on the two case studies, 
Kelbey’s Ridge 2 and Manzanilla. These sites are elaborated on focusing on excavations, artifacts 
and burials. In chapter 4 the skeletal material was elaborated on and the used methodology was 
explained. After this the results were presented. These results, together with the rest of the 
research, were discussed in the fifth chapter. 
 
As can be concluded from the discussion, several shortcomings occurred during this research. 
This concerns the bad preservation of the skeletons, the absence of the mandibles and 
maxillaries which caused the adjustment of the dental ageing method, the fact that there are no 
Caribbean standards available so that other standards had to be applied and finally the small 
sample size of a part of the standard. Not all shortcomings couldn’t be improved right away 
although the dental ageing method could be adjusted. In this way the dental age could still be 
estimated.  
 Although this research has its shortcomings, there were also successes. For example the ages 
that were estimated in this research had (some) overlap with the ages that were provided by the 
literature. This offers some perspective, because this means that although there are standards 
used that aren’t developed from Caribbean skeletons, it is to some extent possible to use these 
standards. It has to be kept in mind, however, that the skeletons that were analyzed consist of a 
very small number of individuals. This overlap with the ages provided by the literature thus 
doesn’t mean that these standards can be used one to one on all Caribbean assemblages. 
 
To answer the main question I would say that these methods are applicable to these assemblages 
to some extent. Although these standards give an approximation of the age of these individuals, 
it is more ideal to use Caribbean standards because there is a difference between various 
population with regard to the development and growth rate of the skeletal features and bones. 
The concluding point of this thesis is thus that all Caribbean assemblages should be analyzed. This 
46 
 
provides a standard for the Caribbean which can be applied on new skeletal material. The most 
ideal would be standards for various methods such as sexing, ageing, stature and so on. More 
research in the future on this topic is required.  
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7 Summary  
7.1 Summary in English 
In this research the central question regards: “Are ageing methods based on long bone length 
measurements and the dentition applicable on the juvenile Caribbean skeletons of Kelbey’s Ridge 
and Manzanilla?”. The first elaboration is given on the concept of age. After that an explanation 
is given in the various juvenile and adult ageing methods. In the third chapter the case studies are 
elaborated on: first the Caribbean as an region is treated after which the two case studies are 
elaborated on: Kelbey’s Ridge 2 on Saba and Manzanilla on Trinidad. For each site the following 
components are treated: natural setting, cultural setting and the skeletal analysis. Finally, 
explanation will be given on the skeletal material that is used and the methodology which is 
applied on the material. Subsequently the results will be presented. These results will be 
discussed and in the conclusion answer to the main question will be given. 
 From this research can be concluded that the methods are applicable on the skeletal material 
but that there are still a lot of complications. A few problem that can be named are for example 
the preservation of the material. This ensures that not all skeletons could be used for analysis 
and that the teeth couldn’t be analyzed in the right way. However, this method could be adjusted 
so that it could still was usable. The most problematic was the fact that there don’t exist 
Caribbean standards. Therefor other non-Caribbean standards had to be used. Additionally, it is 
needed to look at each standard very closely. Sometime a standard is based on only a few 
individuals which decreases the reliability of the standard. 
 Ideally, all assemblages from the Caribbean region should be analyzed of which a Caribbean 
standard can be developed. The concerns for example a standard for sexing, ageing and stature. 
This shows that more research on this topic is need to apply ageing methods in a proper way on 
Caribbean skeletal material. 
 
7.2 Summary in Dutch 
In dit onderzoek staat de volgende hoofdvraag centraal: “Zijn de leeftijdsbepalende methoden die 
gebaseerd zijn op lengte van het bot en het gebit toepasbaar op Caraïbische kinder-assemblages 
van Kelbey’s Ridge 2 en Manzanilla?”. Eerst wordt er uitgeweid over wat het begrip leeftijd 
precies inhoudt. Vervolgens worden de methoden die de leeftijd kunnen bepalen uitgelegd 
waarin onderscheid wordt gemaakt tussen de leeftijdsbepaling bij kinderen en volwassenen. In 
het derde hoofdstuk worden de case studies onder de loep genomen: allereest het Caraïbisch 
gebied in zijn geheel en vervolgens de focus op de sites die als case studie zullen dienen: Kelbey’s 
48 
 
Ridge 2 op Saba en Manzanilla op Trinidad. Voor elke site worden de volgende onderwerpen 
behandeld: natuurlijke setting, culturele setting en de analyse van de skeletten. Tot slot wordt er 
uitleg gegeven over het skelet materiaal wat is gebruikt en de methodologie die is toegepast op 
dit materiaal, om vervolgens de resultaten te presteren. Deze zullen worden gediscussieerd en 
tot slot zal er het antwoord op de hoofdvraag in de conclusie worden gegeven. 
 Uit dit onderzoek is gebleken dat de methoden wel op het skelet materiaal toepasbaar is 
maar dat er nog zeker haken en ogen aan vast zitten. Enkele problemen die zich aandienen 
betroffen bijvoorbeeld de preservatie van het materiaal. Dit zorgde er voor dat niet alle skeletten 
gebruikt konden worden in de analyse als mede dat de tanden niet op de juiste manier 
geanalyseerd konden worden. De methode kon echter aangepast worden zodat deze nog steeds 
bruikbaar was. Het meest problematische was dat er geen Caraïbische standaarden beschikbaar 
waren waardoor er standaarden moesten worden gebruikt van andere populaties. Daarnaast 
moet er per standaard goed worden gekeken naar de opbouw hiervan. Soms is een standaard 
gebaseerd op enkele individuen wat de betrouwbaarheid van deze standaard omlaag haalt. 
Idealiter zouden alle assemblages uit het Caraïbisch gebied geanalyseerd moeten worden 
zodat er een Caraïbische standaard ontwikkeld kan worden voor bijvoorbeeld sexing, ageing en 
stature. Hieruit blijkt dus dat er meer onderzoek nodig is om ageing methods op een 
betrouwbare manier te kunnen toepassen op Caraïbisch skelet materiaal. 
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9 Appendices 
Appendix 1 – Results of Kelbey’s Ridge 2 
Feature number 68.3 
Table 9: Permanent teeth of F68.3 in grey 
Upper right teeth Upper left teeth 
M
3
 M
2
 M
1
 P
4
 P
3
 C
1
 I
2
 I
1
 I
1
 I
2
 C
1
 P
3
 P
4
 M
1
 M
2
 M
3
 
18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28 
48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38 
M3 M2 M1 P4 P3 C1 I2 I1 I1 I2 C1 P3 P4 M1 M2 M3 
Lower right teeth Lower left teeth 
 
Table 10: Deciduous teeth of F68.3 in grey 
Upper right teeth Upper left teeth 
dP
4
 dP
3
 dC
1
 dI
2
 dI
1
 dI
1
 dI
2
 dC
1
 dP
3
 dP
4
 
55 54 53 52 51 61 62 63 64 65 
85 84 83 82 81 71 72 73 74 75 
dP4 dP3 dC1 dI2 dI1 dI1 dI2 dC1 dP3 dP4 
Lower right teeth Lower left teeth 
 
Feature number 132.2 
Table 11: Deciduous teeth of F132.2 in grey 
Upper right teeth Upper left teeth 
dP
4
 dP
3
 dC
1
 dI
2
 dI
1
 dI
1
 dI
2
 dC
1
 dP
3
 dP
4
 
55 54 53 52 51 61 62 63 64 65 
85 84 83 82 81 71 72 73 74 75 
dP4 dP3 dC1 dI2 dI1 dI1 dI2 dC1 dP3 dP4 
Lower right teeth Lower left teeth 
 
Table 12: Bone length of F132.2 
Bone Left (in mm) Right (in mm) 
Humurus 64 64 
Ulna 60 60 
Tibia 52 52 
 
Feature number 149 
Table 13: Present teeth of F149 in grey 
Upper right teeth Upper left teeth 
M
3
 M
2
 M
1
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2
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1
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1
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2
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1
 P
3
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4
 M
1
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2
 M
3
 
18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28 
48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38 
M3 M2 M1 P4 P3 C1 I2 I1 I1 I2 C1 P3 P4 M1 M2 M3 
Lower right teeth Lower left teeth 
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Feature number 166.1 
Table 14: Permanent teeth of F166.1 in grey 
Upper right teeth Upper left teeth 
M
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1
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1
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2
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18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28 
48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38 
M3 M2 M1 P4 P3 C1 I2 I1 I1 I2 C1 P3 P4 M1 M2 M3 
Lower right teeth Lower left teeth 
 
Feature number 313 
Table 15: Permanent teeth of F313 in grey 
Upper right teeth Upper left teeth 
M
3
 M
2
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1
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4
 P
3
 C
1
 I
2
 I
1
 I
1
 I
2
 C
1
 P
3
 P
4
 M
1
 M
2
 M
3
 
18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28 
48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38 
M3 M2 M1 P4 P3 C1 I2 I1 I1 I2 C1 P3 P4 M1 M2 M3 
Lower right teeth Lower left teeth 
 
Feature number 337 
Table 16: Permanent teeth of F337 in grey 
Upper right teeth Upper left teeth 
M
3
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2
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1
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4
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3
 C
1
 I
2
 I
1
 I
1
 I
2
 C
1
 P
3
 P
4
 M
1
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2
 M
3
 
18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28 
48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38 
M3 M2 M1 P4 P3 C1 I2 I1 I1 I2 C1 P3 P4 M1 M2 M3 
Lower right teeth Lower left teeth 
 
Table 17: Deciduous teeth of F337 in grey 
Upper right teeth Upper left teeth 
dP
4
 dP
3
 dC
1
 dI
2
 dI
1
 dI
1
 dI
2
 dC
1
 dP
3
 dP
4
 
55 54 53 52 51 61 62 63 64 65 
85 84 83 82 81 71 72 73 74 75 
dP4 dP3 dC1 dI2 dI1 dI1 dI2 dC1 dP3 dP4 
Lower right teeth Lower left teeth 
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Appendix 2 – Results Manzanilla 
Feature number 189 
Table 18: Permanent teeth of F189 in grey (the two blue squares are erupting teeth) 
Upper right teeth Upper left teeth 
M
3
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2
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1
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1
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1
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1
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4
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1
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2
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3
 
18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28 
48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38 
M3 M2 M1 P4 P3 C1 I2 I1 I1 I2 C1 P3 P4 M1 M2 M3 
Lower right teeth Upper left teeth 
 
Feature number 197 
Table 19: Permanent teeth of F197 in grey 
Upper right teeth Upper left teeth 
M
3
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2
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1
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4
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1
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1
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3
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4
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1
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2
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3
 
18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28 
48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38 
M3 M2 M1 P4 P3 C1 I2 I1 I1 I2 C1 P3 P4 M1 M2 M3 
Lower right teeth Upper left teeth 
 
Table 20: Deciduous teeth of F197 in grey 
Upper right teeth Upper left teeth 
dP
4
 dP
3
 dC
1
 dI
2
 dI
1
 dI
1
 dI
2
 dC
1
 dP
3
 dP
4
 
55 54 53 52 51 61 62 63 64 65 
85 84 83 82 81 71 72 73 74 75 
dP4 dP3 dC1 dI2 dI1 dI1 dI2 dC1 dP3 dP4 
Lower right teeth Upper left teeth 
  
54 
 
Appendix 3 – Regression formulas by Scheuer and Black 
Table 21: Regression equations of age on long bone length (after Scheuer and Black 2000) 
Bone Formula by Scheuer et al. (1980) 
Humurus Linear Age (weeks) = (0.4585 x humurus) + 8.6563 + 2.33 
Logarithmic Age (weeks) = (25.069loge x humurus) – 66.4655 + 2.26 
Radius Linear Age (weeks) = (0.5850 x radius) + 7.7100 + 2.29 
Logarithmic Age (weeks) = (25.695loge x radius) – 63.6541 + 2.24 
Ulna Linear Age (weeks) = (0.5072 x ulna) + 7.8208 + 2.20 
Logarithmic Age (weeks) = (26.078loge x ulna) – 68.7222 + 2.10 
Femur Linear Age (weeks) = (0.3303 x femur) + 13.5583 + 2.08 
Logarithmic Age (weeks) = (19.727loge x femur) 47.1909 + 2.04 
Tibia Linear Age (weeks) = (0.4207 x tibia) + 11.4724 + 2.12 
Logarithmic Age (weeks) = (21.207loge x tibia) 50.2331 + 2.11 
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Appendix 4 – Standards by Moorrees et al. (1963a;b) 
Table 22: Standard for the humurs by Moorrees et al. (Brothwell 1981, 70) 
Humurus 
Estimated age 
(years) 
Size of 
Sample 
Mean Length 
(mm) 
Standard 
Deviation 
Range of Variation 
(mm) 
NB – 0.5 49 70.5 5.2 63.5 – 89.0 
0.5 – 1.5 37 102.3 8.9 84.0 – 119.0 
1.5 – 2.5 11 129.5 5.9 121.0 – 138.0 
2.5 – 3.5 10 139.5 12.8 118.0 – 157.0 
3.5 – 4.5 2 156.5 3.5 154.0 – 159.0 
4.5 – 5.5 4 167.6 8.8 161.0 – 179.5 
5.5 – 6.5 7 180.1 6.5 172.5 – 192.0 
6.5 – 7.5 4 192.1 7.9 187.5 – 204.0 
7.5 – 8.5 2 211.8 7.4 206.5 – 217.0 
8.5 – 9.5 0    
9.5 -10.5 5 228.6 4.2 225.0 – 235.0 
10.5 – 11.5 1 245.0   
11.5 – 12.5 2 254.5 5.0 251.0 – 258.0 
12.5 – 13.5 0    
13.5 – 14.5 0    
14.5 – 15.5 1 255.5   
15.5 – 16.5 0    
16.5 – 17.5 0    
17.5 – 18.5 0    
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Table 23: Standard for the radius by Moorrees et al. (Brothwell 1981, 70) 
Radius 
Estimated age 
(years) 
Size of Sample Mean Length 
(mm) 
Standard 
Deviation 
Range of 
Variation (mm) 
NB – 0.5 47 57.4 4.9 49.0 – 73.5 
0.5 – 1.5 31 81.0 6.1 67.0 – 92.0 
1.5 – 2.5 14 97.1 5.5 84.0 – 104.0 
2.5 – 3.5 9 106.3 9.8 93.5 – 119.0 
3.5 – 4.5 2 118.3 3.2 116.0 – 120.5 
4.5 – 5.5 4 128.1 3.4 125.0 – 132.5 
5.5 – 6.5 5 140.6 5.4 134.5 – 149.0 
6.5 – 7.5 3 149.5 3.5 146.0 – 153.0 
7.5 – 8.5 1 168.0   
8.5 – 9.5 0    
9.5 -10.5 3 185.7 9.3 178.0 – 196.0 
10.5 – 11.5 1 189.0   
11.5 – 12.5 4 190.9 14.3 169.5 – 200.0 
12.5 – 13.5 0    
13.5 – 14.5 0    
14.5 – 15.5 0    
15.5 – 16.5 0    
16.5 – 17.5 0    
17.5 – 18.5 0    
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Table 24: Standard for the ulna by Moorrees et al. (Brothwell 1981, 70-71) 
Ulna 
Estimated age 
(years) 
Size of Sample Mean Length 
(mm) 
Standard 
Deviation 
Range of 
Variation (mm) 
NB – 0.5 47 66.1 5.0 60.0 – 82.5 
0.5 – 1.5 22 92.1 7.7 74.5 – 103.0 
1.5 – 2.5 13 108.5 6.8 94.0 – 116.0 
2.5 – 3.5 9 117.9 10.9 100.0 – 129.5 
3.5 – 4.5 2 129.8 4.6 126.5 – 133.0 
4.5 – 5.5 4 142.8 2.9 140.0 – 145.5 
5.5 – 6.5 6 153.8 7.9 145.0 – 166.0 
6.5 – 7.5 4 167.1 6.1 161.0 – 175.0 
7.5 – 8.5 2 180.0 5.7 176.0 – 184.0 
8.5 – 9.5 0    
9.5 -10.5 3 201.5 10.0 194.5 – 213.0 
10.5 – 11.5 0    
11.5 – 12.5 2 217.5 2.1 216.0 – 219.0 
12.5 – 13.5 0    
13.5 – 14.5 0    
14.5 – 15.5 0    
15.5 – 16.5 0    
16.5 – 17.5 0    
17.5 – 18.5 0    
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Table 25: Standard for the radius by Moorrees et al. (Brothwell 1981, 71) 
Femur 
Estimated age 
(years) 
Size of Sample Mean Length 
(mm) 
Standard 
Deviation 
Range of 
Variation (mm) 
NB – 0.5 51 82.2 8.7 62.5 – 106.0 
0.5 – 1.5 37 126.9 14.6 92.5 – 161.0 
1.5 – 2.5 14 167.2 12.2 141.0 – 186.0 
2.5 – 3.5 9 185.1 20.7 155.0 – 215.0 
3.5 – 4.5 2 213.0 7.1 208.0 – 218.0 
4.5 – 5.5 3 234.3 9.0 225.0 – 243.0 
5.5 – 6.5 8 248.6 14.5 236.0 – 277.0 
6.5 – 7.5 4 262.0 9.2 252.0 – 274.0 
7.5 – 8.5 2 292.8 11.0 285.0 – 300.5 
8.5 – 9.5 0    
9.5 -10.5 2 321.0 1.4 320.0 – 322.0 
10.5 – 11.5 1 342.0   
11.5 – 12.5 4 344.5 5.8 339.0 – 350.0 
12.5 – 13.5 0    
13.5 – 14.5 0    
14.5 – 15.5 2 356.5 16.3 345.0 – 368.0 
15.5 – 16.5 0    
16.5 – 17.5 0    
17.5 – 18.5 1 406.5   
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Table 26: Standard for the tibia by Moorrees et al. (Brothwell 1981, 71) 
Tibia 
Estimated age 
(years) 
Size of Sample Mean Length 
(mm) 
Standard 
Deviation 
Range of 
Variation (mm) 
NB – 0.5 47 71.6 7.2 59.5 – 94.0 
0.5 – 1.5 30 104.8 11.3 81.0 – 131.5 
1.5 – 2.5 11 138.6 7.8 125.0 – 151.0 
2.5 – 3.5 9 153.8 18.8 127.0 – 184.0 
3.5 – 4.5 2 170.5 7.8 165.0 – 176.0 
4.5 – 5.5 3 190.8 10.3 181.0 – 201.5 
5.5 – 6.5 8 201.6 10.1 191.0 – 222.0 
6.5 – 7.5 4 221.4 7.2 212.0 – 229.5 
7.5 – 8.5 2 242.5 21.9 227.0 – 258.0 
8.5 – 9.5 0    
9.5 -10.5 3 272.3 11.6 261.5 – 284.5 
10.5 – 11.5 1 285.0   
11.5 – 12.5 4 287.5 8.3 279.0 – 296.0 
12.5 – 13.5 1 299.0   
13.5 – 14.5 0    
14.5 – 15.5 2 306.5 17.7 294.0 – 319.0 
15.5 – 16.5 0    
16.5 – 17.5 0    
17.5 – 18.5 1 334.5   
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Table 27: Standard for the fibula by Moorrees et al. (Brothwell 1981, 71) 
Fibula 
Estimated age 
(years) 
Size of Sample Mean Length 
(mm) 
Standard 
Deviation 
Range of 
Variation (mm) 
NB – 0.5 37 68.9 6.6 60.0 – 88.0 
0.5 – 1.5 27 103.0 11.7 75.0 – 122.0 
1.5 – 2.5 13 133.2 9.1 111.5 – 142.5 
2.5 – 3.5 7 152.3 19.9 124.0 -182.0 
3.5 – 4.5 2 167.5 7.8 163.0 – 174.0 
4.5 – 5.5 3 185.8 7.8 178.0 – 193.5 
5.5 – 6.5 6 194.4 5.3 188.0 – 201.0 
6.5 – 7.5 4 216.9 7.9 209.0 – 227.0 
7.5 – 8.5 1 246.0   
8.5 – 9.5 0    
9.5 -10.5 3 264.0 10.5 255.0 – 275.5 
10.5 – 11.5 1 280.0   
11.5 – 12.5 3 285.0 10.4 273.0 – 292.0 
12.5 – 13.5 1 219.5   
13.5 – 14.5 0    
14.5 – 15.5 3 299.0 11.5 287.0 – 310.0 
15.5 – 16.5 1 332.5   
16.5 – 17.5 0    
17.5 – 18.5 1 330.0   
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